Aim: To elucidate the outcome for very low birth weight infants delivered after preterm premature rupture of membranes (PPROM) managed conservatively, and to determine the prognostic value of perinatal factors for long-term outcome. Methods: Perinatal data were collected from medical records for singleton live-birth infants delivered between 1991 and 2008 after conservatively managed PPROM. Cases of congenital anomalies and chromosomal aberrations were excluded. Poor outcome was defined as a composite measure of death, neurological morbidity including cerebral palsy, or neurodevelopmental delay. Associations between perinatal factors and poor outcome at the corrected age of 3 were estimated using logistic regression analysis. Results: After the exclusion, 356 infants meeting the study criteria were identified, 26 cases were lost to follow-up, and 330 were eligible at 3 years. The mortality rate was 10% and the incidence of neurological morbidities was 12%. Logistic regression analysis revealed gestational age at birth [adjusted odds ratio (aOR) 0.815], and five-minute Apgar scores (aOR 0.521) were independent predictors for poor outcome. Conclusion: When PPROM was managed conservatively, 22% of VLBW infants had a poor outcome at corrected age of 3 years. Early gestational age at birth and low Apgar scores were associated with poor outcome.
Introduction
Preterm premature rupture of membranes (PPROM) in the second trimester is one of the main causes of subsequent early preterm birth [1] [2] . Consequently, it is the cause of considerable neonatal mortality and morbidity, mainly due to prematurity. Moreover, in very low birthweight (VLBW) preterm infants (weighing less than 1500 g) both gestational age at birth and birth weight are related to neurodevelopmentally intact survival [3] . Although optimal management to improve long-term outcome remains undetermined in VLBW infants born after PPROM, conservative management is generally recommended with careful observation of maternal and fetal condition [4] [5] . However, particularly in second trimester PPROM, there can be a conflict between the benefit of prolonging gestational age in the anticipation of fetal growth and the increased chance of intrauterine infection and inflammation [6] , which are closely related to PPROM and may also increase infant morbidity [4] [5] .
The aim of this study was to evaluate the long-term outcome in VLBW infants delivered after the conservative management of PPROM, and to detect the perinatal prognostic factors for poor outcome.
Materials and Methods
A retrospective cohort study was performed at a single center. Subjects comprised VLBW singleton infants born after conservatively managed PPROM and delivered in our center between 1991 and 2008. This study was approved by the institutional review board at the Osaka Medical Center and Research Institute for Maternal and Child Health, Japan.
Gestational age was calculated on the basis of the last menstrual period as well as by crown-rump length on ultrasonography (at up to 12 weeks of gestational age). PPROM was diagnosed in the presence of either obvious leakage of amniotic fluid from the external os on sterile speculum examination or pooling of amniotic fluid in the vaginal cavity that showed a positive result on nitrazine testing or immunoassays detecting insulin-like growth factor-binding protein-1 [7] . Patients who had been diagnosed with PPROM were managed conservatively. In other words, prophylactic antibiotics, tocolytics, and betamethasone for inducing fetal lung maturation were given at the discretion of the attending obstetrician. Ampicillin-based antibiotics and tocolytics were administered with close monitoring of maternal and fetal condition but without a particular regimen. The decision to deliver was generally triggered by the presence of a non-reassuring fetal heart rate tracing or clinical findings of maternal infection. Generally, cesarean section was performed for non-cephalic presentation. All neonates were resuscitated immediately after birth by neonatal specialists and transferred to the neonatal intensive care unit (NICU) for subsequent management.
Perinatal factors assessed consisted of maternal and fetal factors. Maternal factors were: age, parity, history of cesarean section and preterm delivery (<37 weeks of gestation), presence of cervical cerclage during present pregnancy, mode of delivery, usage of tocolytics, including intravenous beta-agonists and/or magnesium sulfate, maternal betamethasone administration and prophylactic usage of antibiotics, concomitant placental abruption and concomitant cord prolapse, latency from PPROM to delivery, maternal fever >38˚C at least one point between PPROM and delivery, and high inflammatory response within a week before delivery (maternal serum Creactive protein (CRP) > 2.0 mg/dl or white blood cell count (WBC) > 15,000/mm 3 ). Maternal age (years old) was categorized as follows: less than 20; 20 to 30; 30 to 40; and 40 or more. Latency period (days) from PPROM to delivery was divided into four groups: less than 2; 2 to 9; 9 to 16; and 16 or more. We also recorded gestational age at PPROM and delivery, and histopathological evidence of severe chorioamnionitis (CAM) (grade 3, according to Blanc's criteria [8] ). Five-minute Apgar scores were divided into the following three groups: Fetal factors were: neonatal birth weight, five-minute Apgar scores, infant gender, whether the neonate was light for gestational age (LGA), 3 or less; 4 to 6; and 7 or more.
LGA was defined as less than the 10th percentile of birth weight for gestational age based on sex-specific birth weights for Japan [9] .
Neurological development at 3 years of corrected age was measured using the Kyoto Scale of Psychological Development (K-test) [10] , which is a Japanese standard test for evaluating neurodevelopmental progress and delay. The K-test is an individualized face-to-face test administered by experienced psychologists to assess a child's development in the following three areas: Postural-Motor; Cognitive-Adaptive; and Language-Social. In each of the three areas, the sum score is converted to a developmental age (DA), and an overall DA is also obtained. In this regard, however, cases which were clearly judged to be without disability by pediatricians were defined as having normal development, without use of the K-test.
The primary outcome was a composite measure of poor outcome, including gait deficits with cerebral palsy, neurodevelopmental delay corresponding to overall developmental quotient (DQ) lower than 70, and death before 3 years of corrected age. Odds ratios (ORs) and 95% confidence intervals (CIs) were determined by univariate analysis and used to evaluate the influence of perinatal factors. A multiple logistic regression model for poor prognosis was also constructed using variables obtained by stepwise selection (significance level for entry into the model was <0.20). Reported p values are two-sided and analyses were performed using SPSS software version 20 (SPSS Inc., Chicago, IL). Figure 1 shows the flowchart for enrolled patients. We included 378 VLBW infants that were the product of singleton pregnancies with associated conservatively managed PPROM. Twenty-two patients were excluded from the analysis due to chromosomal abnormality (n = 4), congenital malformations (n = 6), and intrauterine death (n = 12). Among the final study cohort of 356 infants, 26 cases were lost to follow-up; therefore, 330 were eligible for follow-up at 3 years of corrected age. Table 1 describes the prenatal characteristics. Tocolytics such as ritodrine hydrochloride and magnesium sulfate were administered in approximately 94% of cases. The latency period from PPROM to delivery was widely distributed; the median latency period was 4 (range, 0 -69) days and pregnancy continued for more than 2 days after PPROM in 68.5% of cases. Table 2 shows the perinatal and neonatal information. PPROM occurred at a median of 25 + 5 (range, 12 + 5 -31 + 6) weeks of gestation and median gestational age at delivery was 26 + 6 (range, 22 + 3 -34 + 2) weeks. Median birth weight was 894 (range, 412 -1496) grams. Five-minute Apgar scores of less than 3 occurred in 8.2% of cases, while umbilical artery pH less than 7.0 was noted in only 1.8% of cases. Table 3 shows the mortality and neurodevelopmental outcome among the 330 infants at corrected age 3. The mortality rate was 10.0% (33/330), comprising 21 (6.7%) cases of early neonatal death within the first 7 days of life, 3 (0.9%) of neonatal death between 7 to 28 days of life, and 9 (2.7%) of infant death after 28 days of age. Neurodevelopmental delay with low overall DQ (<70) was diagnosed in 39 (11.8%) cases. Eight (2.4%) children were diagnosed with cerebral palsy with gait deficit, and all of these also had low DQ. Consequently, there were 72 cases (21.8%) of poor outcome at 3 years of corrected age. Table 4 demonstrates the results of multivariable logistic regression analysis. After adjusting for the con- founding variables, gestational age at birth (adjusted OR, 0.815; 95% CI, 0.707 -0.939; P value = 0.005) and Apgar scores at five minutes (adjusted OR, 0.521; 95% CI, 0.331 -0.820; P value = 0.005) were found to be associated with the composite poor outcome.
Results

Discussion
This study revealed the long-term outcome of VLBW infants from pregnancies in which PPROM was managed conservatively. Approximately 22% of eligible cases had a poor outcome at 3 years. These findings were similar to those of previous studies for VLBW infants, regardless of the presence or absence of PPROM. Neonatal morbidity, including respiratory distress syndrome, sepsis, and intraventricular hemorrhage, is reported to be associated with PPROM. However, in the present study, which focused only on cases of PPROM, the prevalence of long-term adverse outcome in VLBW infants was similar to that in previous reports of preterm infants, regardless of the presence or absence of PPROM [11] - [14] . Herefore, our results could not reveal an obvious negative effect of PPROM itself on the long-term outcome of the surviving infants. Gestational age at birth and birth weight are generally considered strong predictors of neonatal mortality and morbidity in preterm infants [11] . Some previous studies have also shown that survival rate among VLBW infants increased gradually with increasing gestational age, regardless of the presence of rupture of membranes [11] - [13] [15] . In the present study, concerning the long-term prognosis of infants delivered after PPROM, multivariate logistic analysis also showed that gestational age at birth was significantly associated with poor prognosis at 3 years of age.
A previous systematic review of PPROM occurring between 28 and 34 weeks reported that the neonatal death rate was significantly higher in cases with intentional early delivery compared with those that were expectantly managed [16] . Therefore, expectant management seems to be commonly chosen for PPROM cases prior to 32 weeks of gestation unless there are conditions that threaten the life of either fetus or mother, such as fetal distress, placental abruption, or severe clinical infection. However, few studies have comprehensively evaluated the long-term outcome and perinatal prognostic factors in cases of PPROM managed expectantly. One previous study showed that mortality at 2 years was 19% in 53 cases of PPROM before 28 weeks that were managed expectantly, but a possible limitation of this report was the relatively small patient sample [17] . On the other hand, the present study analyzed 330 consecutive cases and showed that mortality rate at 3 years was only 10%, which may have strong implications for the management of mid-trimester PPROM from the point of view of long-term prognosis.
Recently, due to their convenience, Apgar scores have been used worldwide to evaluate neonatal status just after birth [18] . Although five-minute Apgar score is thought to be a reliable index for later neurologic or developmental disability [19] , caution is necessary when interpreting Apgar scores for VLBW infants. These premature infants mostly need immediate resuscitation, and the physician might therefore assign the Apgar scores retrospectively, raising the possibility that the five-minute Apgar score may not precisely reflect the situation at the time [20] [21] . Nonetheless, VLBW infants delivered after PPROM and with low Apgar scores should be observed carefully during follow-up.
Umbilical artery pH less than 7.00 is thought to be associated with neurological outcome [22] . However, our results could not detect the significance of umbilical artery pH as a prognostic factor.
A meta-analysis of studies that elucidated the association between chorioamnionitis and cerebral palsy demonstrated that clinical chorioamnionitis, diagnosed based on maternal fever and maternal leukocytosis, was a significant risk factor for cerebral palsy [23] . However, our results did not show an association between clinical or histopathological chorioamnionitis and adverse outcome, including 8 cases of cerebral palsy at corrected age 3. This discrepancy may be due to the difference at age at evaluation and relatively small number of cases with cerebral palsy. Other studies have found that severe histological chorioamnionitis was associated with perinatal death, but those authors have suggested that this factor might not have a strong direct effect on long-term neurodevelopmental outcome [24] [25] . Adversely, severe pathological chorioamnionitis was also not related to outcome in the present study. Recently, fetal inflammatory response, as defined by elevated fetal plasma interleukin, has been recognized as a risk factor for severe neonatal morbidity [26] [27], however, the present study did not examine serum inflammatory makers.
Abnormal fetal heart rate in labor resulting from umbilical cord compression is observed more frequently in PPROM than when the membranes are intact [28] . Cesarean section might be beneficial in early preterm PPROM, and in breech presentation, particularly before 30 weeks of gestational age [29] [30], however, optimal mode of delivery remains uncertain between 30 and 34 weeks [31] [32] . In the present cohort, 47% of deliveries were vaginal, and delivery mode was not significantly associated with outcome. Therefore, considering the maternal complications associated with cesarean section, the method of delivery should be decided after careful consideration.
The present study revealed that the prevalence of placental abruption and umbilical cord prolapse were 5.8% and 3.0%, respectively, which seems consistent with previous reports [33] [34] . The rarity of these complica-tions might explain why they were not significant predictors of adverse outcome in the present study.
It is important to acknowledge that our study has several limitations. First, 18.6% of children were determined to have normal development, despite the fact that neurodevelopmental status was not evaluated by the K-test. This could result in bias; however, caregivers of these children were questioned in detail by a specialist in pediatrics on aspects of health including psychomotor development. Second, this study was retrospectively performed on a large sample of subjects recruited during a 20-year period. Therefore, the consequent variations in management of PPROM might have influenced the results.
Conclusion
In conclusion, more than one-fifth of VLBW infants delivered after conservative management of PPROM showed poor outcome at 3-year follow-up. Poor outcome appeared to be related to early gestational age at birth and low five-minute Apgar score. These results emphasize that the conservative management of PPROM, in anticipation of the prolongation of gestation, might improve the long-term prognosis of infants.
